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Abstract 
Motivated by fuel economy, aircraft manufacturers are engaged in a process of minimizing weight of aircraft 
components. It is in this sense that the space industry uses much more the rivet systems in the assembly 
operation, particularly coating structures. The aging of these structures can lead to defect generation such cracks, 
corrosion or assembly anomalies between metal sheets. These coating structures need a regular and permanent 
control in a spirit of safety of passengers and goods. The control method used in maintenance are numerous such 
as visual inspection , the use of X rays, magnaflux , Ultrasound ... etc, but the technique based on the infrared 
thermography principle is still the most used and best suited to this type of control and the size of the controlling 
structures .  
The combination of the principle of infrared thermography and finite element method is the origin of a new 
method for thermal characterizing assemblies of sheet metal using metal rivets systems. The method involves the 
analysis of the simulated thermographical images of the assembly surface of two metal sheets using rivet system. 
Metallic nature and  diameter of rivets were taken as an influence parameter on the thermal image. 
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1.  Introduction 
 
The Non Destructive Testing is a set of methods to detect surface or internal defects of a 
material without destroying or damaging the product, either during production or in use, or in 
the during maintenance[1]. In the field of aerospace, regular controls is a basic component in 
the maintenance of aircraft [2] [3].The presence of inhomogeneities in a material affects the 
heat propagation and causes a local temperature variation [4] [5]. Nondestructive testing by 
infrared thermography is privileged and is well suited to aerospace structures. Indeed, this 
control method is relatively simple to implement and well suited to large sizes. Analysis of 
thermal images allows  detection of  possible anomalies in sheets of  aircraft under test[6]. In 
this article we focus on the effect of the presence of rivets of assembly in these structures on 
the operation of thermography control. 
 
 
2.   Description of the model 
 
The studied model is constituted by two metal plates collected by rivets system as showed in 
figure 1. 

 
 

Fig 1. Geometry of the studied model 
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In the figure 2 below, the geometrical characteristics of the studied cases. 
 

         
Figure 2                                                      figure 3 

Assembly configuration wherein the diameter of the rivet  is constant figure 2. and the 
diameter is variable figure 3. 

 
 
3.   Numerical modeling  
 
In this study we treat a system of three dimensions heat transfer which means that the 
analytical solution is no longer valid and in this case we call for a numerical solution based on 
the numerical method of the finite elements [6,7]. The equation of the three-dimensional heat 
is given by [8]   

2∇ = dT
a T

dt
       (1) 

The report: =
ρ p

k
a

C
 is called thermal diffusivity, where: 

 k :the thermal conductivity,  
ρ : the material density  

pC : the heat capacity.  

 
The analytical resolution is indeed impossible being given the geometry of the problem. The 
method consists in using an approximation by finite elements of the unknown functions T to 
discretize the variational form of the equation (1) and to transform it into system of algebraic 
equations of the form:     

[ ] =A T F        (2)  

With  
A: the square matrix of dimension [ Nh, Nh ],  
F: a vector of Nh components  
T:  the vector of the temperatures to be calculated. 
 
Then calculation starts by building the variation form of the equation (1). We carry out a 
spatial discretization which consists in calculating the elementary integrals by using the finite 
element and a temporal discretization. 
The existing specialized software’s make it possible the implementation the method of 
resolution by finite elements in a more or less simple and convivial way. They take care in 
particular of the grid of the studied object, of the automatic numbering of the elements and the 
nodes, of the calculation of a solution then of the chart of the results. 



In this study a commercial software based on the finite element method is used, which makes 
it possible to calculate the temperature evolution at any moment and in any point of material. 
The material is considered isotropic. 
 
3.1 boundary conditions 
  
The boundary conditions are represented in (Fig 4.) 
•  A heat pulse is applied to the upper face of the model, with a flux density Q = 180 W/m². 
•  The underside of the model is maintained at a constant temperature Ta = 25 °C. 
•  The other faces are assumed thermally insulated. 
The initial temperature of the subdomains is 25 °C. 
 

 
 

Fig 3. Boundary conditions 
3.2 used metals 
 
  In table 1 are presented the thermophysical characteristics of used metals considered in 
simulations. 
  

Table 1: Thermophysical parameters 
Thermal characteristics λ ρ Cp 
unity [W/m.K] [Kg/m3] [J/Kg.K] 
Cuivre 400 8700 385 
Aluminum 237 2700 900 

Where 
λ [W/m.K]   … Thermal conductivity 
ρ   [Kg/m3]    … Density of the material 
Cp [J/Kg.K]   … Heat capacity at constant pressure 
 
4.   Simulation results 
 
Simulations were performed for a one-minute warm-up on an assembly of two aluminum 
plates by an aluminium rivet and a two cooper plates by a cooper rivet.  
 
4.1 The rivets are of the same nature as the metal sheets  to assemble 
 
To see the effect of the presence of rivets on the surface temperature of the assembled plates, 
we considered initially three aluminum rivets of the same diameter, configurations 5 and 7, 
joining two aluminum plates and then in a second time three copper rivets along diameter 
joining two copper plates. The simulation results show that in the case of copper, figure 6, and 
the aluminum figure 7, the contrast provided by the presence of the rivet, because of the small 



conductivity of aluminum compared to copper is the same for the three rivets which shows the 
reproducibility of the calculation results of the temperature. The contrast magnitude in 
temperature is of the order of 0.0025 ° C for the copper rivets and of the order of  0.012 °C for 
the aluminum one, which is respectively  a thermal disequilibrium of 0.01% and 0.04%  
which are worth quite negligible and even non detectable by the existing equipments. To 
conclude this section we can say that the presence of rivets in such structures will not disrupt 
the thermographic scanning for possible defects. 
 

Table 2: The used metals in the assembly and corresponding temperature 
 

metal Aluminum 
plates 

Copper rivet 1  
diameter =10 mm 

Copper rivet 2  
diameter =10 mm 

Copper rivet 3  
diameter =10 mm 

Temperature °C 25, 045 25,0475 25,0475 25,0475 
 

 
 

Table 3: The used metals in the assembly and corresponding temperature 
 

metal Copper 
plates 

Aluminium rivet 
1 diameter =10 
mm 

Aluminium rivet 
2 
diameter =10 mm 

Aluminium rivet 
3 
diameter =10 mm 

Temperature 
°C 

25, 045 25,057 25,057 25,057 

 

 



 
4.2 The rivets are not of the same type as the metal plates to assemble  
 
In this configuration, we have considered the inverse, figure 9, of the precedent situation by 
considering the assembly of two sheets of aluminium using copper rivets. The corresponding 
thermograms, figure 10, show this time that the presence of copper provides a drop of  
temperature at the location of the rivets . This drop is of the order of 0,009 ° C, which is very 
low as thermal contrast. 
 

Table 4: The used metals in the assembly and corresponding temperature 
 
metal Copper 

plates 
Aluminium rivet 1 
diameter = 5 mm 

Aluminium rivet 2 
diameter = 7,5 mm 

Aluminium  rivet  3 
diameter = 10 mm 

Temperature °C 25,076 25,067 25,067 25,067 
 

 
 
4.2.1 Two copper plates assembled by copper rivets  
 
This situation is represented by the figure 11. The corresponding thermograms, figure 12, 
below confirms what has been said before by the relatively slight excess of temperature at the 
location of rivets, which is obviously due to the presence of the latter on the one hand and on 
the other hand, the intensity of this slight temperature rise is related to the diameter of the 
rivet which is of the same nature as the metal sheets to assemble. 
 

Table 5: The used metals in the assembly and corresponding temperature 
 

metal Copper 
plates 

Copper rivet 1 
diameter = 10 mm 

Copper rivet 2 
diameter = 7.5 mm 

Copper rivet 3 
diameter =10 mm 

Temperature °C 25, 045 25,0475 25 ,0473 25,04732 
 



 
 
4.2.2 Two copper  plates  assembled  by aluminium rivets  
 
The thermograms, figure 14, corresponding to the situation represented in figure 13,  clearly 
show the dependence of the contrast in temperature, provided by the presence of the rivets, on 
the used rivet diameter. The more  the diameter is large the more the contrast is important. For 
the three values of diameters used 10 mm, 7.5 mm  and 5 mm the temperature differences 
induced in the surface of each rivet are respetively : 0.022 °C, 0.009 °C and 0.006 °C. As 
before, these values are quite significant and have meaning just on theoretical aspect. 
 

Table 6: The used metals in the assembly and corresponding temperature 
 

matal Copper 
plates 

Aluminium rivet 
1 diameter = 5 
mm 

Aluminium rivet 2 
diameter =7,5 mm 

Aluminium rivet 
3 diameter =10 
mm 

Temperature 
°C 

25, 045 25,0515 25,0544 25,0672 

 
 

 
 

 



4.2.3 Two aluminium plates assembled  by copper rivets  
 
The present case is represented in figure 15. If in the immediately preceding section  the 
presence of the rivet provides a temperature drop in the rivet region  by report to the surface 
temperature of other regions of the sheet metal, there is also dependence of the temperature 
difference of the diameter of used rivet as showed in figure 16. 
 

Table 7: The used metals in the assembly and corresponding temperature 
 
material Aluminium 

plates 
Copper rivet  1 
diameter = 10 mm 

Copper rivet 2 
diameter +7,5 mm 

Copper rivet  3 
diameter = 5mm 

Temperature °C 25,076 25,067 25,072 25,0737 
 

 
 
5.   Conclusion  
 
In this article we studied the distribution of the surface temperature of the two plates to 
assembly by a rivet system. Simulation results show that for the considered dimensions of the 
rivet in this work , the rivet presence does not significantly affect the surface temperature of 
the assembled structure, meaning that the presence of the rivets do not disturb the detection of 
an internal defect  or abnormalities in the context of a safety control, looking for cracks, 
corrosion  or other defects in a given structure. One can also conclude that when the rivets are 
of the same nature as the metal plate to assemble, the rivet presence is manifested by a very 
slight excess of the temperature at the location of the rivets and in the case where the rivets 
are more conductive than the plates to be assembled once the presence of these rivets is 
manifested by a slight defect in temperature at the location of the rivets. And vice versa. 
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